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1
SEMICONDUCTOR DEVICE AND METHOD
OF MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of U.S. Provisional
Application No. 61/875,554, filed Sep. 9, 2013, the entire
contents of which are incorporated herein by reference.

FIELD

Embodiments described herein relate generally to a semi-
conductor device and a method of manufacturing the same.

BACKGROUND

If a magnetic random access memory (MRAM) or a
dynamic random access memory (DRAM) is miniaturized, a
contact area between a source/drain diffusion region of a
MOS transistor and a contact plug is decreased. Conse-
quently, the contact resistance between the source/drain dif-
fusion region and the contact plug is increased, which
adversely affects device operation.

Therefore, what is desired is a semiconductor device in
which the resistance in a source/drain diffusion area can be
reduced.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a plan view which schematically illustrates a
positional relationship of structural elements of a semicon-
ductor device according to a first embodiment;

FIG. 2 is a cross-sectional view which schematically illus-
trates a structure of the semiconductor device according to the
first embodiment;

FIG. 3 is a cross-sectional view which schematically illus-
trates a part of a method of manufacturing the semiconductor
device according to the first embodiment;

FIG. 4 is a cross-sectional view which schematically illus-
trates a part of the method of manufacturing the semiconduc-
tor device according to the first embodiment;

FIG. 5 is a cross-sectional view which schematically illus-
trates a part of the method of manufacturing the semiconduc-
tor device according to the first embodiment;

FIG. 6 is a cross-sectional view which schematically illus-
trates a part of the method of manufacturing the semiconduc-
tor device according to the first embodiment;

FIG. 7 is a cross-sectional view which schematically illus-
trates a part of the method of manufacturing the semiconduc-
tor device according to the first embodiment;

FIG. 8 is a cross-sectional view which schematically illus-
trates a part of the method of manufacturing the semiconduc-
tor device according to the first embodiment;

FIG. 9 is a cross-sectional view which schematically illus-
trates a part of the method of manufacturing the semiconduc-
tor device according to the first embodiment;

FIG. 10 is a cross-sectional view which schematically
illustrates an example of a structure when the semiconductor
device according to the first embodiment is applied to an
MRAM;

FIG. 11 is a cross-sectional view which schematically
illustrates another example of a structure when the semicon-
ductor device according to the first embodiment is applied to
an MRAM;
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FIG. 12 is a plan view which schematically illustrates a
positional relationship of structural elements of a semicon-
ductor device according to a second embodiment;

FIG. 13 is a plan view which schematically illustrates a
positional relationship of structural elements of a semicon-
ductor device according to a third embodiment;

FIG. 14 is cross-sectional view which schematically illus-
trates a structure of the semiconductor device according to the
third embodiment; and

FIG. 15 is cross-sectional view which schematically illus-
trates a structure of the semiconductor device according to the
third embodiment.

DETAILED DESCRIPTION

According to an embodiment, a semiconductor device
includes: a semiconductor substrate; a first isolation region
and a second isolation region provided in the semiconductor
substrate, extending in a first direction, and being adjacent to
each other; a first word line and a second word line provided
in the semiconductor substrate, extending in a second direc-
tion crossing the first direction, and being adjacent to each
other; a first upper insulating region and a second upper
insulating region provided on the first word line and the
second word line, respectively, extending in the second direc-
tion, and being adjacent to each other; a source/drain diffu-
sion region provided in a surface area of the semiconductor
substrate and between the first isolation region and the second
isolation region, and including a portion positioned between
the first upper insulating region and the second upper insu-
lating region; and a first conductive portion provided in the
source/drain diffusion region and formed of a material con-
taining metal.

Embodiments will be hereinafter described with reference
to the accompanying drawings.

(Embodiment 1)

FIG. 1 is a plan view which schematically illustrates a
positional relationship of structural elements of a semicon-
ductor device according to a first embodiment. FIG. 2 is a
cross-sectional view which schematically illustrates a struc-
ture of the semiconductor device according to the first
embodiment.

As shown in FIGS. 1 and 2, in a semiconductor substrate
(silicon substrate) 10, a plurality of isolation regions 12 and a
plurality of word lines 14 are provided. Each of the isolation
regions 12 extends in a first direction, and each of the word
lines 14 extends in a second direction which crosses the first
direction. In the present embodiment, the first and second
directions cross each other orthogonally, and the isolation
regions 12 and the word lines 14 cross each other orthogo-
nally. On the word lines 14, upper insulating regions 16
extending in the second direction are provided, respectively.

A part of each of the word lines 14 functions as a gate
electrode of a MOS transistor. The MOS transistor has a
recess gate structure, and in a recessed area of the semicon-
ductor substrate 10, a gate electrode 14 is formed. A gate
insulating film 18 is formed between the gate electrode 14 and
the semiconductor substrate 10.

In a surface area of the semiconductor substrate 10, a
source/drain diffusion region 20 containing impurities (N- or
P-type impurities) in high concentration is provided. The
source/drain diffusion region 20 is provided between the
adjacent isolation regions 12, and includes a portion posi-
tioned between the adjacent upper insulating regions 16. Fur-
ther, the source/drain diffusion region 20 further includes a
portion positioned between the adjacent word lines 14. That
is, the source/drain diffusion region 20 is provided between
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stack structures, each of which is constituted by the word line
14 and the upper insulating region 16. The source/drain dif-
fusion region 20 is provided on both sides of the gate elec-
trode 14, and the source/drain diffusion region 20 on one of
the sides is a source region and the source/drain diffusion
region 20 on the other side is a drain region.

In the source/drain diffusion region 20, a conductive por-
tion (first conductive portion) 22 which is formed of a mate-
rial containing metal is provided, and the conductive portion
22 contacts the source/drain diffusion region 20. The conduc-
tive portion 22 is formed of a metal silicide. More specifically,
the conductive portion 22 is formed of a silicide containing
nickel (Ni) (a nickel silicide). The conductive portion 22 is
distant from the isolation region 12, the word line 14, and the
upper insulating region 16. Further, the bottom of the con-
ductive portion 22 is located shallower than the bottom of the
source/drain diffusion region 20. Therefore, a side surface
and a lower surface of the conductive portion 22 are sur-
rounded by the source/drain diffusion region 20.

On the conductive portion 22, a conductive portion (second
conductive portion) 24 which is formed of a material contain-
ing metal is provided, and the conductive portion 24 contacts
the conductive portion 22. The top surface of the conductive
portion 24 is planarized. Therefore, the top surface of the
conductive portion 24 is substantially on the same plane as the
top surface of the isolation region 12 and the top surface of the
upper insulating region 16.

As can be understood from the above, the conductive por-
tion 22 is formed within the source/drain diffusion region 20,
and the conductive portion 24 is formed on the source/drain
diffusion region 20. Accordingly, a conductive portion of
T-shaped cross section is formed by the conductive portions
22 and 24.

To the conductive portion 24, a contact plug (bit-line con-
tact plug 26, source-line contact plug 28) is connected. The
contact plug 26 is formed on the conductive portion 24 and the
isolation region 12. The contact plug 28 is formed on the
conductive portion 24, the isolation region 12, and the upper
insulating region 16. In this way, the contact plugs 26 and 28
are formed over a boundary between the conductive portion
24 and the isolation region 12, and a boundary between the
conductive portion 24 and the upper insulating region 16.

As described above, in the present embodiment, since the
conductive portion 22 is formed in the source/drain diffusion
region 20, it is possible to increase a junction area between the
source/drain diffusion region 20 and the conductive portion
22. Accordingly, the contact resistance between the source/
drain diffusion region 20 and the conductive portion 22 can be
reduced. Further, since the conductive portion 24 is formed on
the source/drain diffusion region 20, it is possible to increase
the junction area and reduce the contact resistance. As a
result, even if elements are miniaturized, it is possible to
improve the characteristics of a semiconductor memory
device, such as an MRAM or a DRAM.

FIGS. 3 to 9 each relates to a cross-sectional view which
schematically illustrates a method of manufacturing the semi-
conductor device according to the present embodiment. The
method of manufacturing the semiconductor device accord-
ing to the present embodiment will now be described with
reference to FIGS. 1,2, and 3 to 9.

Firstly, as shown in FIG. 3, a plurality of isolation regions
12 extending in the first direction are formed (see FIG. 1).
More specifically, trenches are formed in the semiconductor
substrate (silicon substrate) 10. Each of the trenches is filled
with a silicon oxide film, and the isolation region 12 of a
shallow trench isolation (STI) structure having a thickness of
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approximately 250 nm is formed. An area between the isola-
tion regions 12 serves as an active area.

Next, a plurality of word lines 14 extending in the second
direction which crosses the first direction are formed in the
semiconductor substrate 10. More specifically, trenches are
formed in the semiconductor substrate (silicon substrate) 10.
Each of the trenches is filled with a conductive material, and
the word line 14 having a thickness of approximately 150 nm
is formed. Then, a plurality of upper insulating regions 16
extending in the second direction are formed on the word
lines 14, respectively. More specifically, upper parts of the
trenches are filled with a silicon nitride film to form the upper
insulating regions 16. A part of each of the word lines 14
functions as a gate electrode of a MOS transistor. The MOS
transistor has a recess gate structure, and the gate insulating
film 18 is formed between the gate electrode 14 and the
semiconductor substrate 10. It is preferred that the depth of
the word line 14 (depth of the gate electrode) be 0.15 umt0 0.3
um (for example, 0.2 um). Further, a lower part of the gate
electrode may be a U-shaped Saddle-FIN structure.

Next, using the upper insulating regions 16 as a mask,
impurity ion implantation is performed on a surface area of
the semiconductor substrate 10. In this way, the source/drain
diffusion region 20 having a depth of approximately 130 nm
is formed in the surface area of the semiconductor substrate
10. The source/drain diffusion region 20 is provided between
adjacent isolation regions 12, and includes a portion posi-
tioned between adjacent upper insulating regions 16. In addi-
tion, the source/drain diffusion region 20 further includes a
portion positioned between adjacent word lines 14.

Next, as shown in FIG. 4, a surface of the source/drain
diffusion region 20 is recessed by approximately 30 nm by
reactive ion etching (RIE). By this recess processing, a hole
(firsthole) defined by the adjacent isolation regions 12 and the
adjacent upper insulating regions 16 is formed in the source/
drain diffusion region 20.

Next, as shown in FIG. 5, a Ti/TiN stacked film is formed
onthe entire surface as a sidewall formation film by sputtering
or CVD. Then, RIE is performed for the sidewall formation
film. As a result, a sidewall portion 32 formed by the Ti/TiN
stacked film is formed on the source/drain diffusion region
20. That is, the sidewall portion 32 is formed on an inner
sidewall of the hole defined by the adjacent isolation regions
12 and the adjacent upper insulating regions 16.

Next, as shown in FIG. 6, the sidewall portion 32, the
isolation regions 12, and the upper insulating region 16 are
used as a mask, and the source/drain diffusion region 20 is
etched by RIE. In this way, a hole (second hole) 34 aligned
with the sidewall portion 32 is formed in the source/drain
diffusion region 20. The hole 34 is 70 nm in depth.

Next, as shown in FIG. 7, by sputtering or CVD, a nickel
(Ni) film is formed on the entire surface as a metal film 36. In
this way, the hole 34 is filled with the metal film 36.

Next, as shown in FIG. 8, an annealing treatment is per-
formed. By the annealing treatment, a metal material that
constitutes the metal film 36 is converted into a silicide, and a
metal silicide 22 is formed. That is, the metal film (nickel
film) 36 reacts with the silicon (Si) of the source/drain diffu-
sion region 20, and the metal silicide (nickel silicide) 22 is
formed. After that, unreacted metal film (nickel film) 36 is
removed by wet etching. In this way, the metal silicide (nickel
silicide) 22 is formed in the hole 34 of the source/drain dif-
fusion region 20 as a first conductive portion made of a
material containing metal. Further, it is preferred that a dis-
tance between the bottom of the metal silicide 22 and the
bottom of the source/drain diffusion region 20 be 0.1 pm or
more.
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Next, as shown in FIG. 9, a TiN film is formed on the entire
surface as a metal film. Further, the metal film (TiN film) is
planarized by a chemical mechanical polishing (CMP). In this
way, on the metal silicide (first conductive portion) 22, a
metal conductive portion (second conductive portion) 24 that
is made of a material containing metal is formed.

After that, the contact plugs 26 and 28 and the like, which
are connected to the metal conductive portion 24, are formed,
as shown in FIG. 2.

As can be seen, in the manufacturing method described
above, the sidewall portion 32 is used as a mask to form the
hole (second hole) 34 in the source/drain diffusion region 20,
and the conductive portion (first conductive portion) 22 is
formed in the hole 34. In this way, the conductive portion 22
can be certainly formed in the source/drain diffusion region
20. Accordingly, as already described, the contact resistance
of the source/drain diffusion region 20 can be reduced, and
the characteristics of a semiconductor memory device, such
as an MRAM or a DRAM, can be improved.

Moreover, since the first conductive portion 22 is formed
by converting the metal material that fills the hole (second
hole) 34 into a silicide, the conductive portion 22 can be
precisely formed in the hole 34. In particular, by using the
nickel silicide as a silicide, the conductive portion 22 can be
more precisely formed. That is, the nickel silicide can be
formed to be thin and in uniform thickness, and with good
controllability. Therefore, a junction between the nickel sili-
cide (conductive portion) 22 and the source/drain diffusion
region 20 (in particular, a junction ina lateral direction) can be
secured.

In the above-described embodiment, while the sidewall
portion 32 was formed by a Ti/TiN stacked film, the sidewall
portion 32 may be formed by a nickel film (Ni film). In this
case, the nickel film that constitutes the sidewall portion 32
and the nickel film 36 formed in the step of FIG. 7 are
continuous. Thus, in the annealing treatment of FI1G. 8, a part
of the sidewall portion 32 can be converted into a nickel
silicide.

Moreover, the sidewall portion 32 may be formed by a
conductive material, such as a cobalt silicide, a nickel silicide,
tungsten (W), tantalum (Ta), and tantalum nitride (TaN). In
this case, it is preferred that high etching selectivity (for
example, etching selectivity of three or more) be obtained
with respect to the insulating film (for example, silicon oxide
film) to be used for the isolation regions 12 and the insulating
film (for example, silicon nitride film) to be used for the upper
insulating regions 16.

Furthermore, the sidewall portion 32 may be formed with
an insulating material, such as a silicon oxide film or a silicon
nitride film. In this case, after forming the conductive portion
22 in the step of FIG. 8, it is preferred that the sidewall portion
32 be removed. However, if the sidewall portion 32 is to be
formed by a silicon oxide film, in removing the sidewall
portion 32, the degree of etching of the silicon oxide film to be
used for the isolation regions 12 needs to be accurately man-
aged. In addition, if the sidewall portion 32 is to be formed by
a silicon nitride film, in removing the sidewall portion 32, the
degree of etching of the silicon nitride film to be used for the
upper insulating regions 16 needs to be accurately managed.

Further, in the embodiment described above, while a nickel
silicide was formed as the metal silicide 22, a cobalt (Co)
silicide may be used. In this case, a cobalt film (Co film) is
formed as the metal film 36 in the step of FIG. 7, and a cobalt
silicide is formed by the annealing treatment of FIG. 8. A
nickel silicide is superior in the point that a silicide which is
thin and in uniform thickness can be formed. However, a
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cobalt silicide is superior in its resistance to heat. Therefore,
if ahigh-temperature process is to be carried out later, a cobalt
silicide may be used.

Furthermore, in the above embodiment, while the metal
silicide 22 was formed by the annealing treatment, the metal
silicide 22 may be formed by deposition. In this case, instead
of forming the metal film 36 in the step of FIG. 7, a metal
silicide film (for example, a nickel silicide film) is to be
deposited and an upper part of the metal silicide film should
be thereafter removed so that a lower part of the metal silicide
film is left in the hole 34.

Furthermore, in the above embodiment, while a metal sili-
cide was used for the first conductive portion 22, the first
conductive portion 22 may be formed by metal. In this case,
after forming the metal film 36 in the step of FIG. 7, an upper
part of the metal film is to be removed so that a lower part of
the metal film is left in the hole 34.

FIG. 10 is a cross-sectional view which schematically
illustrates an example of a case in which the structure of the
embodiment described above is applied to an MRAM. In the
example shown in FIG. 10, a magnetic storage element 40 is
formed on the contact plug 28, and a source line 44 is con-
nected to the magnetic storage element 40. In addition, a bit
line 42 is connected to the contact plug 26. By this structure,
the magnetic storage element 40 is electrically connected to
the first conductive portion 22. That is, the magnetic storage
element 40 is electrically connected to the source/drain dif-
fusion region 20 of the MOS transistor.

FIG. 11 is a cross-sectional view which schematically
illustrates another example of a case in which the structure of
the above embodiment is applied to an MRAM. In the
example shown in FIG. 11, the magnetic storage element 40
is directly connected to the second conductive portion 24
without using the contact plug 28.

It should be noted that in the examples shown in FIGS. 10
and 11, a magnetoresistance effect element (magnetic tunnel
junction (MTJ) element), for example, can be used for the
magnetic storage element 40. A large current is required for
the MTJ element when writing. Application of the structure of
the present embodiment can reduce the contact resistance,
and therefore, a large current can be passed to the MTIJ ele-
ment.

(Embodiment 2)

Next, a second embodiment will be described. Since the
basic structure and the manufacturing method are similar to
those of the first embodiment, explanation of the matters
already described in the first embodiment is omitted.

FIG. 12 is a plan view which schematically illustrates a
positional relationship of structural elements of a semicon-
ductor device according to the second embodiment. Struc-
tural elements corresponding to those shown in FIG. 1 of the
first embodiment are denoted by the same reference numerals
as in the first embodiment, and their detailed explanations is
omitted.

In the present embodiment, as shown in FIG. 12, isolation
regions 12 cross word lines 14 and upper insulating regions
provided over the word lines 14 obliquely. That is, a direction
of extension of the isolation regions 12 (a first direction) and
a direction of extension of the word line 14 (a second direc-
tion) cross each other obliquely.

Also in the present embodiment, the contact resistance can
be reduced and an advantage similar to that of the first
embodiment can be obtained.

(Embodiment 3)

Next, athird embodiment will be described. Since the basic
structure and the manufacturing method are similar to those
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of the first embodiment, explanation of the matters already
described in the first embodiment is omitted.

FIG. 13 is a plan view which schematically illustrates a
positional relationship of structural elements of a semicon-
ductor device according to the second embodiment. FIG. 14 is
a cross-sectional view taken along line A-A of FIG. 13, and
FIG. 15 is a cross-sectional view taken along line B-B of FIG.
13. Further, structural elements corresponding to those shown
in FIGS. 1 and 2 of the first embodiment are denoted by the
same reference numerals as in the first embodiment, and their
detailed explanations is omitted.

Also in the present embodiment, isolation regions 12 cross
word lines 14 and upper insulating regions provided over the
word lines 14 obliquely. Further, in the present embodiment,
in addition to the isolation regions 12, isolation regions 52 are
provided under the word lines 14.

Also in the present embodiment, the contact resistance can
be reduced and an advantage similar to that of the first
embodiment can be obtained.

While certain embodiments have been described, these
embodiments have been presented by way of example only,
and are not intended to limit the scope of the inventions.
Indeed, the novel embodiments described herein may be
embodied in a variety of other forms; furthermore, various
omissions, substitutions and changes in the form of the
embodiments described herein may be made without depart-
ing from the spirit of the inventions. The accompanying
claims and their equivalents are intended to cover such forms
or modifications as would fall within the scope and spirit of
the inventions.

What is claimed is:

1. A semiconductor device comprising:

a semiconductor substrate;

a first isolation region and a second isolation region pro-
vided in the semiconductor substrate, the first and sec-
ond isolation regions extending in a first direction and
being adjacent to each other;

a first word line and a second word line provided in the
semiconductor substrate, the first and second word lines
extending in a second direction crossing the first direc-
tion and being adjacent to each other;

afirst upper insulating region and a second upper insulating
region provided on the first word line and the second
word line, respectively, the first and second upper insu-
lating regions extending in the second direction and
being adjacent to each other;

asource/drain diffusion region provided in a surface area of
the semiconductor substrate and between the first isola-
tion region and the second isolation region, the source/
drain diffusion region including a portion positioned
between the first upper insulating region and the second
upper insulating region; and

a first conductive portion provided in the source/drain dif-
fusion region, the first conductive portion being pro-
vided between the first upper insulating region and the
second upper insulating region, and the first conductive
portion being formed of a material containing metal.

2. The device according to claim 1, wherein the first con-

ductive portion is formed of a metal silicide.

3. The device according to claim 2, wherein the metal

silicide contains nickel (Ni).

4. The device according to claim 1, wherein the first con-

ductive portion is formed of metal.

5. The device according to claim 1, further comprising a

second conductive portion provided on the first conductive
portion and formed of a material containing metal.
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6. The device according to claim 5, further comprising a
contact plug connected to the second conductive portion.

7. The device according to claim 5, wherein a top surface of
the second conductive portion is substantially on the same
plane as top surfaces of the first and second isolation regions
and top surfaces of the first and second upper insulating
regions.

8. The device according to claim 1, wherein the first con-
ductive portion is distant from the first and second isolation
regions and the first and second upper insulating regions.

9. The device according to claim 1, wherein a bottom of the
first conductive portion is located shallower than a bottom of
the source/drain diffusion region.

10. The device according to claim 1, wherein the source/
drain diffusion region further includes a portion positioned
between the first word line and the second word line.

11. The device according to claim 1, further comprising a
magnetic storage element electrically connected to the first
conductive portion.

12. The device according to claim 1, wherein the first
direction and the second direction orthogonally cross each
other.

13. The device according to claim 1, wherein the first
direction and the second direction obliquely cross each other.

14. A method of manufacturing a semiconductor device,
comprising:

forming a first isolation region and a second isolation

region, which extend in a first direction and are adjacent
to each other, in a semiconductor substrate;

forming a first word line and a second word line, which

extend in a second direction crossing the first direction
and are adjacent to each other, in the semiconductor
substrate;

forming a first upper insulating region and a second upper

insulating region, which extend in the second direction
and are adjacent to each other, on the first word line and
the second word line, respectively;

forming a source/drain diffusion region, which includes a

portion positioned between the first upper insulating
region and the second upper insulating region, in a sur-
face area of the semiconductor substrate and between
the first isolation region and the second isolation region;
and

forming a first conductive portion formed of a material

containing metal, in the source/drain diffusion region
and between the first upper insulating region and the
second upper insulating region.

15. The method according to claim 14, wherein the first
conductive portion is formed of a metal silicide.

16. The method according to claim 15, wherein the metal
silicide contains nickel (Ni).

17. The method according to claim 14, further comprising
forming a second conductive portion formed of a material
containing metal, on the first conductive portion.

18. The method according to claim 17, further comprising
connecting a contact plug to the second conductive portion.

19. The method according to claim 14, wherein forming the
first conductive portion comprises:

forming a sidewall portion on the source/drain diffusion

region and on an inner sidewall of a first hole defined by
the first and second isolation regions and the first and
second upper insulating regions;

forming a second hole in the source/drain diffusion region

using the sidewall portion as a mask; and

forming the first conductive portion in the second hole.

20. The method according to claim 19, wherein forming the
first conductive portion in the second hole comprises:
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filling the second hole with a metal material; and
converting the metal material filling the second hole into a
silicide to form the first conductive portion.
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